is commonly held to be free from sugar. So far as we have been able to learn, the literature contains no records of the presence of sugar in the saliva of any mammal in normal condition.
Normal human saliva gives none of the tests for sugar, but there are records of the presence of sugar in the saliva of diabetic persons. Fleckseder l reports sugar in two cas#es of diabetes mellitus, the sugar being constantly present in mixed saliva in amounts readily detected by the Fehling's test. Mosler,2 on the other hand, reports a number of cases of diabetes mellitus in which the parotid saliva failed to give positive reactions for sugar with any test. We have had the opportunity of testing the mixed saliva of a case of diabetes in man, whose urine sugar usually ran above 3% per cent. The phenylhydrazine test and the Fehling's reduction tests were negative, the safranin test positive.
It would therefore seem that even in the case of pronounced hyperglycemia in man, sugar may or may not appear in the saliva, and when the sugar does appear in the saliva it is only in slight traces.
In the course of experiments on some points in the secretion of ptyalin our attention wa.s called to a reducing substance present in considerable quantities in the submaxillary and parotid saliva of the cat collected during ether anaesthesia. At first we were led to believe that the cat's submaxillary and parotid saliva contains a considerable quantity of ptyalin, but it was soon dis*covered that the greater part of the reduction of the Fehling's solution in the starch-saliva mixtures wa.s due to a reducing substance in the saliva itself.
This substance turned out to be glucose. It is present in considerable quantity in saliva collected during anaesthesia and is 302 A. J. Carlson and J. G. Ryan.
found in traces in normal reflex saliva. The greater concentration of the sugar in the saliva secreted (during anesthesia appears to be due to hyperglycemia invariably induced by the anaesthetic.
I. METHODS.
The mixed reflex saliva was obtained by stimulation of the mucous membrane of the mouth with ether vapor or weak acetic acid, the mouth being first thoroughly washed with water so as to remove possible traces of sugar or reducing substances.
The cats have to be held down more or less forcibly in this process, and most of them struggle considerably when the ether vapor touches the mouth.
This may tend to bring on hyperglycemia, and thus may account for the sugar appearing in the saliva. However, at least two of our cats were docile and struggled very little during the process of securing the saliva; nevertheless the saliva of those cats gave positive tests of sugar.
In a number of experiments we secured mixed saliva from the mouth after hypodermic injections of pilocarpin.
By this method the saliva was obtained practically without any struggle on the part of the animals. This saliva also gave positive tests for sugar.
In order to remove all possibility of the reducing substance in the saliva coming from the mouth cavity itself, cannulas were inserted in the ducts of Stenson under local anesthesia.
Pure parotid saliva was thus secured by the reflex stimulation methods mentioned above or by hypodermic injections of pilocarpin.
This pure parotid saliva gave positive tests for sugar.
In order to determine the relation of the concentration of the sugar in the blood to the concentration of the sugar in the reflex saliva, hyperglycemia was induced by injection of glucose. These injections were made hypodermically into a muscle, or intravenously, the femoral vein being isolated under local anaesthesia.
The submaxillary chorda and sympathetic salivas were always collected under light ether anaesthesia.
II. RESULTS.
I. The cat's submaxillary and parotid salivas contain a reducing substance or substances. -The normal or reflex saliva was tested in seven cats. In each case the safranin test was positive.
The fermentation test was positive in the four cases in which it was used. Five cases gave slight reduction with Fehling's solution, while osazone crystals were obtained in only one casIe. These experiments are summarized in Table I . h ydrazin e + - One typical experiment of this series is summarized in tabular form in Table III. 2. The reducing substance in the cat's saliva is glucose. -Our first thought was that the reduction was due to the mucin in the saliva, as it is well known that, on splitting, mucin yields a carbohydrate body that reduces Fehling's solution.
We removed the mucin from the saliva by precipitation with acetic acid. The saliva free from mucin still gave po#sitive tes,ts for sugar.
Safranin, moreover, is not discolored by mucin, and in our hands this test was always positive. Although this possibility seems to be strengthened by the fact that the submaxillary saliva always contains more of this reducing substance than the parotid saliva, just as the former contains more mucin than the latter, the above facts excluded mucin as a factor in the reduction.
Moreover the concentration of the reducing substance does not run parallel with that of the mucin in the saliva.
The sugar is fermentable. The osazone crystals obtained were those typical for glucose. We made melting-point determinations of these crystals from salivas of three cats. In one case the crystals melted at 198" C. ; in the other two cases the liquefaction occurred between 200' C. and 204' C. The melting-point of pure glucosozone crystal is 204~~205 O.
The slightly lower figures in our experiments are in all probability due to impurities adhering to the crystals.
The figures are nevertheless too high for pentosazones.
The sugar must be a hexose, in all probability glucose.
3. The glucose in cats' saliva is not a special product of the sa\li-vary gla,nds, but is simply the glucose of the blood eliminated by the glafzds, in much the s,ame manner as the kidneys eliminate sugar in hyperglycemia. This is shown by the following facts : ( I) Hyperglycemia induced by injection of glucose solution hypodermically or intravenously is invariably followed by a great increase in the reducing substance in the saliva. This is true both for normal or reflex saliva as well as for the saliva secured under anaesthesia by stimulation of the secretory nerves or by pilocarpin.
The concentration of the reducing substance in the saliva varies directly with the degree of hyperglycemia produced.
(2) It has already been stated that there is a greater concentration of the sugar in the saliva collected during anaesthesia than in normal reflex saliva. The cause of this difference is probably the following.
Ether anaesthesia in the cat invariably induces hyperglycemia and diabetes during the course of the anaesthesia. This is shown by the appearance of sugar in the urine and by an increase in the percentage of sugar in the blood. The urine collected from five cats killed by decapitation gave no reduction test for sugar. Normal cat's urine is therefore practically free from sugar. The urine drawn from the bladder of cats after one or two hours of ether anzesthesia invariably yields great reduction and masses of osazone crystals.
And this diabetes is probably caused by hyperglycemia, because after thirty to sixty minutes of ether anesthesia the blood contains a much greater percentage of sugar than at the beginning of the amsthetic.
The case of the increased suga,r content of saliva during anaesthesia is therefore not to be sought primarily in a change in the permeability or secretory activity of the gland, but in the increased concentration of the sugar in the blood.
4. There is a gradual increase of glucose in the successizre scruples of saliva secreted during anmthesia. -This is true both for the parotid and the submaxillary salivas. This point was discovered in trying to determine whether the saliva sugar is produced in the glands themselves.
If quantities of I C.C. of chorda saliva be collected during one to two hours of anzesthesia, the last sample contains much more sugar than the first ; in fact each succeeding sample contains more sugar than the preceding one. In some of our experiments as many as seven to ten samples were secured from each gland.
This gradual increase in sugar content appears also in the saliva produced by the injection of pilocarpin and is equally marked in the submaxillary and the parotid glands.
The cause of this progressive increase in sugar content of the saliva may be ( I) a gradual increase in the sugar content of the blood, or (2) a gradually increasing permeability or alteration in the secretory activity of the gland. The first alternative is probably the true explanation.
We have seen that the percentage of sugar in the saliva bears a direct relation to the percentage of sugar in Glucose iuz Saliva.
the blood. Ether produces hyperglycemia.
This is in all probability due to an increased elimination of sugar by the liver. This conversion of liver glycogen into sugar is a progressive one; hence we have a gradual increase in the sugar content of the blood during the anaesthesia.
That it is not a question of a gradual increase in the permeability of the glands seems to be shown by the fact that the gradual increase in the sugar content is not obtained when the hyperglycemia is produced suddenly by direct injection of glucose into the veins. In that case there is, of course, no gradual increase in the sugar of the blood.
5. The parotid saliva co&a&s a smaller percentage of glucose than does the submaxillary saliva. -In none of our experiments did we observe an exception to this rule. Only a few tests were made on the saliva from the sublingual gland, but these indicated that the sugar content of the sublingual and the submaxillary salivas is about the same.
This difference between the submaxillary and parotid saliva indicates that the sugar does not pass into the saliva as a result of filtration or being carried along passively in the water stream. If such was the case, we would expect more sugar in the serous saliva (parotid) than in the mucous saliva (submaxillary). However, the cats' submaxillary s,aliva does not contain a great deal of mucin.
6. The submaxillary saliva produced by stimulation of the cervical sympathetic covttaivts more sugar than that secured by stimulution of the chorda tymjfauti. -This is best brought out by alternately stimulating the chorda and the sympathetic on the same side. Three o$r four sympathetic samples of I C.C. each and as many chorda samples may thus be obtained for comparison from each side. It will not serve to compare the sympathetic saliva from one gland with the chorda saliva from the gland of the opposite side, because the corresponding glands in the same animal may not yield the same quantity of sugar in the saliva.
When the comparisons are made between alternate samples of chorda and sympathetic saliva from the same gland, the sympathetic saliva is always found to contain the greater amount of sugar.
In some cases the chorda saliva collected after a period of sympathetic stimulation contained more sugar than the sample collected prior to the stimulation. right submaxillary glands may not contain the same percentage of the sugar.
3. The saliva from the submaxillary gland always contains more sugar than the parotid saliva. And in the case of the submaxillarv saliva itself that secured on stimulation of the chorda tympani contains less sugar than the sympathetic submaxillary saliva. We have no adequate explanation for these variations.
